In the case of the more common tyrosine-dependent basolateral sorting signals, a role for clathrin adaptor surfaces have remained elusive. We have identified a novel form of the AP-1 clathrin adaptor complex that complexes has seemed a possibility, although no direct evidence has yet emerged. It is well established that contains as one of its subunits 1B, an epithelial cellspecific homolog of the ubiquitously expressed 1A.
cells to demonstrate that an epithelial cell-specific 1B-1A (Figure 2A ). To confirm the specificity of these antibodies, they were tested by Western blot analysis containing AP-1 complex plays a critical role in basolateral targeting.
against recombinant 1A and 1B protein produced in E. coli. As shown in Figure 2B , an antibody previously generated against 1A reacted well with both 1A and Results 1B. The new anti-peptide antibodies, however, were specific for 1B. The C-terminal peptide antibody was LDL Receptor Is Basolateral in MDCK Cells and Apical in LLC-PK1 Cells subsequently used for detection of 1B expression in LLC-PK1 transfectants. To determine whether 1B plays a role in polarized sorting, we first compared the localization of the LDL recepNontransfected LLC-PK1 cells and cloned LLC-PK1 tor in 1B-positive MDCK cells and 1B-negative LLC-
PK1 cells. The LDL receptor is well known to localize to the basolateral plasma membrane domain of MDCK cells by virtue of signals contained within its cytoplasmic tail (Matter et al., 1992, 1994). Expression was achieved by infecting polarized cells grown on filters with a recombinant adenovirus encoding the receptor (adLDLR).
Two days after infection, the cells were immunolabeled, fixed, and analyzed by confocal microscopy. In the MDCK cells, LDL receptor was detected only at the basolateral surfaces, independently of expression levels ( Figure 1A only ‫%05ف‬ identical to the corresponding peptides in 1 and 3) or LLC-PK1::1A transfectants (lane 2) were lysed in Triton X-100 buffer and subjected to coimmunoprecipitations using anti-␥-adaptin antibodies. Immunoprecipitates were analyzed by SDS-PAGE and immunoblotting using anti-␤1/2-adaptin antibodies (clone 100/1), anti-␥-adaptin antibodies (clone 100/3, Sigma), 1A/B cross-reacting antibodies, and 1B-specific antibodies raised against the C terminus of 1B. (B) LLC-PK1::1B transfectants were metabolically labeled with [ 35 S]methionine/cysteine overnight and lysed in Triton X-100 buffer. AP-1 complex was precipitated using anti-␥-adaptin antibodies (clone 100/3). The precipitates were boiled in SDS buffer, and one-fourth was directly subjected to SDS-PAGE analysis. The remaining extract was diluted in lysis buffer, and subunits of the AP-1 complex were recaptured using preimmune antibodies, anti-␥-adaptin antibodies (clone 100/3), or anti-1B antibodies directed against the C terminus of 1B. Immunoprecipitates were analyzed by SDS-PAGE and autoradiography. (C) Gel filtration analysis of LLC-PK1::1B cell lysates. LLC-PK1::1B transfectants were lysed in Triton X-100 buffer and subjected to gel filtration analysis as described in Experimental Procedures. The proteins ␣-adaptin (subunit of AP-2), ␥-adaptin (subunit of AP-1), ␤4 (subunit of AP-4), 3 (subunit of AP-3), and 1B were detected in the eluate fractions by Western blotting and immunolabeling using subunit-specific antibodies. Figure 2C, lanes 1-3) . In both cases, the increases were 2-to 4-fold relative to endogenous 1A.
likely that 1B might be a component of the ubiquitously expressed AP-1 complex. To determine whether this Finally, the 1B-specific antibody confirmed 1B expression only in LLC-PK1::1B transfectants ( Figure 2C , was the case, we immunoprecipitated AP-1 from LLC-PK1::1A transfectants or LLC-PK1::1B transfectants lanes 7-9, lower panel). Virtually no signal was detected using anti-␥-adaptin antibodies. As shown in Figure 3A , anti-␥-adaptin antibodies coprecipitated ␥-adaptin, ␤1, and 1A from lysates of LLC-PK1::1A cells ( Figure 3A , lane 2). When cell lysate from LLC-PK1::1B transfectants was used, 1B was also coimmunoprecipitated ( Figure 3A, lane 3) .
To further prove that 1B is a subunit of an AP-1 complex, we next metabolically labeled LLC-PK1::1B cells with [ 35 S]methionine/cysteine. Cells were lysed, and immunoprecipitations using anti-␥-adaptin antibodies were performed. The primary coimmunoprecipitate was then boiled in SDS to dissociate the AP-1 complex. The boiled extract was diluted in lysis buffer and used for a second round of immunoprecipitations using either anti-␥ or anti-1B antibodies.
As shown in Figure 3B , total immunoprecipitates contained labeled bands corresponding to each of the four expected AP-1 subunits: ␤1, ␥, 1A or 1B, and 1 ( Figure 3B , lane 2). In the second precipitation of dissociated subunits, anti-␥-adaptin antibodies precipitated only ␥-adaptin ( Figure 3B , lane 4), while antibodies to the C-terminal 1B peptide precipitated only 1B (Figure 3B , lane 5); 1B could also be recaptured using the antibody against the N terminus of 1B (data not shown). These data strongly suggest that 1B becomes incorporated into an AP-1 complex in the 1B transfectants. When LLC-PK1::1A transfectants were used for this experiment, 1B could not be precipitated in the second round (data not shown). geting signals, it was possible that they nevertheless formed a basolateral domain by other means. We therefore next determined the polarity of endogenous Na,KATPase in cells expressing 1A or 1B. In both cases, plasma membrane domains. This was consistent with the "random" phenotype of a tail-minus Tfn receptor Na,K-ATPase distribution was largely restricted to the lateral plasma membrane, corresponding to sites of cellmutant expressed in MDCK cells (Odorizzi and Trowbridge, 1997). In contrast, when adTfnR was used to cell contact ( Figure 6A ). Thus, a protein whose polarity apparently depends on its ability to interact with cyinfect 1B-expressing LLC-PK1 cells, surface receptor was detected uniquely at the basolateral domain, a lotoskeletal elements appeared to reach the basolateral domain even in the absence of 1B. basis of a yeast two-hybrid screen in which the LDL receptor tail was challenged for interaction against all known chains. Only 1B was found to interact, albeit These results suggest that LLC-PK1 cells are able to very weakly, with the LDL receptor tail; the interaction achieve some measure of apical and basolateral polarity was dependent on a tyrosine residue at cytoplasmic tail even in the absence of 1B. However, they are unable position 35 (R. C. Aguilar and J. S. B., unpublished data). to correctly localize proteins containing basolateral tarIn addition, preliminary chemical cross-linking experigeting signals and also are unable to grow in regular ments also suggest that the LDL receptor interacts with monolayers unless 1B was expressed by transfection. samples, the cells were scraped with a cell scraper, and then passed For overexpression in E. coli, the genes cloned into pET-15b were four times through a 22 gauge needle and a 1 ml syringe. Lysis was transformed into the E. coli strain BL21 (Novagen), overexpressed completed for 30 min on ice. A clarifying spin was done (15 min at and partially purified under denaturing conditions using Ni-NTA 13,000 rpm, Eppendorf centrifuge at 4ЊC for immunoprecipitations chromatography.
AP-1B, but not AP-1A, complexes in transfected LLC-PK1 cells (H. F. and I. M., unpublished data).

Discussion
Regardless of whether 1B functions by directly interacting with basolateral targeting signals, it is remarkable
or 30 min at 100,000 ϫ g for gel filtration analysis), and the supernaFor expression in LLC-PK1 cells, pCB6 harboring 1A or 1B tant was used for further analysis. For Western blot analysis, cells cDNA was transfected using the calcium phosphate precipitation were lysed in RIPA buffer ( For infection with defective adenoviruses, cultures were washed Miscellaneous once in serum-free medium, and 50-100 plaque-forming units (pfu) SDS-PAGE was performed according to the published method of of the viruses was added to the apical chamber. After 1 hr incubation Laemmli (1970). Protein determination and detection of proteins at 37ЊC, the medium was exchanged with serum-containing meafter blotting onto nitrocellulose were performed using the BCA dium. The cells were prepared for immunofluorescence analysis 2 protein determination assay or the supersignal detection system, days after the infection.
respectively, according to the supplier's instructions (Pierce 
